We prospectively investigated the feasibility of IMRT treatment plan optimization based on dosimeter measurements of lateral tongue mucosal dose adjacent to the dental fillings and evaluated dose-toxicity relationship and factors affecting oral mucositis (OM) in head and neck cancer patients. Twenty-nine head and neck cancer patients with metallic dental fillings who were scheduled to undergo fractionated external beam radiation therapy (RT) ± chemotherapy were enrolled. The lateral tongue dose was measured and if the calculated dose for the entire treatment was ≥35 Gy, a re-plan was generated to reduce the lateral tongue mucosal dose. OM was graded weekly according to Common Terminology Criteria for Adverse Events version 4.0 and the patients completed the Oral Mucositis Weekly Questionnaire-Head and Neck Cancer. The result showed that it was not feasible to optimize the IMRT plan based on measured tongue dose in most of the patients who needed re-plan as re-planning compromised the target coverage in 60% of these patients. The duration of grade (Gr) 2 OM was correlated with measured lateral tongue dose (P = 0.050). Concurrent cetuximab was significantly associated with faster onset of Gr2 OM than concurrent cisplatin (P = 0.006) and with longer duration of OM (P = 0.041) compared to concurrent cisplatin or IMRT-alone. The pattern of reported pain over time was significantly different for each treatment type (RT and cetuximab, RT and cisplatin and RT-alone) and depending on the dose level (P = 0.006). In conclusion, optimizing the IMRT plan based on measured lateral tongue dose was not feasible. Measured lateral tongue dose was significantly correlated with longer duration of OM ≥Gr2, and concurrent cetuximab was associated with earlier onset and longer duration of OM ≥Gr2.
prospective study was approved by the institutional review board of Stanford University.
2.B | Radiotherapy
All patients underwent CT simulation ± a positron emission tomography scan using ≤3 mm slices for IMRT planning. Thermoplastic mask extending from the cranium to below the mandible and a customized Accuform headholder were used to immobilize the patient.
A standard IMRT plan was generated and patients were treated with megavoltage radiation over a course of ≥6 weeks with a planned tumor dose of ≥60 Gy. The areas of CT artifacts were contoured and filled with CT number of zero. The area of lateral tongue that corresponds to the location of the OSL were defined as right or left lateral tongue, and the mean doses of the defined volumes of right and left lateral tongue were reported as calculated mucosal dose (vs. measured mucosal dose).
2.C | Dosimeter measurement and optimized IMRT plan
Measurement of the lateral tongue mucosal dose was performed using OSL dosimeters, which were taped on the lingual side of the lower mouth-bite ( Fig. 1[a] ). The OSL was placed on the first day of RT in the 2 mucosal sites: lateral tongue on the left and right sides adjacent to dental fillings. The OSL was developed and measured on the same day.
The measured dose per fraction was converted to the total dose for the entire treatment. If the measured total dose for both sides were <35 Gy over the course of the radiation, patients continued through RT using the initial IMRT plan for the entire course. If any of the OSL measurement was ≥35 Gy, IMRT re-plan was generated to decrease RT dose to that location ( Fig. 1[b] ). The plan was deemed acceptable and implemented only if it did not compromise tumor coverage and/or increase the dose to the rest of the oral mucosa or spared parotid glands. Using OSL dosimeters, we measured the dose to both lateral tongue sites with the optimized IMRT re-plan to verify that the measured dose was similar to the revised planned dose. 
2.D | Toxicity and quality of life (QOL) evaluation

2.E | Statistics
The time-to-onset of mucositis was analyzed using a Kaplan-Meier methodology for categorical predictors and a Cox proportional hazards regression model for continuous predictors. The duration of SEOL ET AL.
| 445 mucositis was analyzed using a mixed effects model to allow for the within-patient correlation as the time was measured separately for each sides of the patients mouth. All OMWQ-HN outcomes were analyzed using a mixed effects model to allow for the within-patient correlation as each patient was measured at multiple time points.
Post hoc testing of multiple comparisons was done using a Sidak adjustment. All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA) and all tests were two-sided with an alpha level of 0.05.
| RESULTS
3.A | Patient and characteristics and treatment
Patient characteristics are summarized in Table 1. A total of 29 patients were enrolled, 24 men and 5 women. Median age was 61.5 yr (range, 42-82 yr). The primary tumor was located along the oropharynx in 21 patients, oral cavity in seven patients, and nasopharynx in one patient. All patients were treated using IMRT.
The median treatment planning system (TPS) dose was 70 Gy (range, 60-70 Gy). Median number of fraction was 33 (range, 30-33). Eleven patients were treated with concurrent cetuximab, 11 with concurrent cisplatin, and seven patients did not receive chemotherapy.
Median follow up period was 7 weeks (range, 6-9 weeks). Figure 1(a) shows the dosimeters taped on to the different mouthpieces used for dose measurement. Repeated measurements were performed in the first three patients. As shown in Table 2 , there was some variability in the measurements, though they were all within 20% of each other and of the calculated dose. Measured doses, TPS calculation and re-plan information are summarized in Table 3 . The median lateral tongue dose was 30.1 Gy (range, 11.2-64.6 Gy). The median percent difference between measured and calculated dose was 14.6% (range: 0%-67.2%). Except for a few outliers, there was general agreement between measured and calculated doses. Fortyone (70%) out of 58 measurements from each side of lateral tongue mucosa were within 30% differential range of calculated dose, whereas three (5%) measurements showed dose differential greater than 60% of calculated dose for the same site. Possible reasons for disagreement included a large dose gradient present in oral cavity, a dose variation from positioning uncertainties of the dosimeters, radiation scattering caused by metals, and inaccurate calculation on TPS due to streaking artifacts on CT images caused by metals.
3.B | Dosimetry
3.C | Feasibility of IMRT re-plan
As shown in Table 3 , the data collected suggested that it is not feasible to optimize the IMRT plan based on measured lateral tongue dose in most of the patients who need re-plan. For patient no. 10, although the dose on the left lateral tongue was higher than the replan criterion of 35 Gy, the left lateral tongue was very close to planning target volume. Since it was impossible to make an acceptable re-plan without compromising tumor coverage, the patient no.
10 continued RT using the initial plan for the entire course. Among 10 patients who had attempted re-plan due to the measured lateral tongue doses exceeding 35 Gy, four patients were treated with 
3.D | Mucositis related parameters
The duration of Gr2 OM was correlated with measured lateral tongue dose (P = 0.050). The type of chemotherapy that the patients received was a significant predictor for the time-to-onset of Gr2 OM as shown in Fig. 2(a) . Patients who underwent IMRT with concurrent cetuximab developed Gr2 OM at a faster rate than those patients who received concurrent cisplatin (P = 0.006). Although there was a trend for faster development of Gr2 OM with concurrent cetuximab compared to RT-alone group, the difference did not reach statistical significance (P = 0.086). There was no difference between concurrent cisplatin vs. RT-alone group (P = 0.661) (Fig. 3[a] ). As shown in Fig. 3(b) , patients receiving concurrent cetuximab tended to experience longer duration of OM ≥Gr2 compared to other patients (P = 0.052). Since the difference in duration of OM ≥Gr2 between concurrent cisplatin and RT-alone group was minimal, we tested the difference between concurrent cetuximab vs. no cetuximab, and concurrent cetuximab was associated with significantly longer duration of OM ≥Gr2 (average duration, 22.5 vs. 10.5 days, P = 0.041).
3.E | Reported pain and quality of life measurement
On the OMWQ-HN, patients reported severity of their mouth pain on Likert scale from one to ten, with one denoted as "no pain" and ten as "worst imaginable pain." Although there was a trend for less mouth pain with lower dose with 32 Gy cut-off (Fig. 4[a] ) and concurrent cisplatin (Fig. 4[b] ) from week 3 through 7, the difference did not reach statistical significance (low dose, P = 0.090 and treatment type, P = 0.224). Since the RT-alone group appeared to have higher pain score than the cisplatin group, we evaluated the tumor site distribution for the three groups. While 57% of the RT-alone group had oral cavity cancer, only 9% of the cetuximab and 18% of the cisplatin group had tumor located in the oral cavity. T A B L E 2 Dosimeter measurement reproducibility over 2-3 consecutive days of treatment. For the two questions assessing global health (GH) and QOL, age >60 for GH (P = 0.024), and treatment type for both GH and QOL (P = 0.022 and P = 0.040 respectively), were significant predictors.
When comparing the treatment groups pair-wise, it was the patients who received cetuximab (vs. RT-alone) that reported more impairment for both questions assessing GH and QOL (P = 0.018 and P = 0.032 respectively). In both questions, there was no difference between cetuximab vs. cisplatin (P = 0.733 and P = 0.580, respectively) nor cisplatin vs. RT-alone group (P = 0.080 and P = 0.188, respectively).
| DISCUSSION
To our knowledge, this study is the first to prospectively investigate feasibility of IMRT plan modification based on measured mucosal dose T A B L E 3 Calculated and measured mucosal dose for both the initial plans and the re-plans in two locations on the lateral oral tongues, adjacent to the dental fillings in 30 patients with HNC. adjacent to dental fillings. OM is a toxicity of radiation and chemotherapy for HNC patients and is associated with pain, functional impairment, treatment interruptions and increased use of costly healthcare resources. [8] [9] [10] Dental fillings are a known factor that can exacerbate mucosal toxicity since it generates unpredictable scattering of the radiation and compromises the accuracy of the dose calculation to the adjacent sites due to the imaging artifact that is produced by these fillings on CT scan. 6, 7 Several studies [3] [4] [5] [11] [12] [13] have proposed dose and volumetric guidelines to reduce OM by treatment planning intervention but none of them has specifically focused on the effect of dental fillings nor investigated whether it is feasible to optimize the IMRT plan based on such guidelines in vivo. We frequently observe OM on the lateral tongue in patients with dental fillings and this site is also known to be more sensitive to radiation/chemotherapy-induced mucositis compared to areas of keratinized oral mucosa such as the dorsal tongue, hard palate, and gingiva. 8 Therefore, we used OSL to measure lateral tongue dose to evaluate the dental filling effect to the adjacent oral mucosa and to see if it is feasible to modify IMRT plan based on the measured doses.
The data collected from this study suggest that it is not feasible to optimize IMRT plan based on measured lateral tongue dose. Compromising target dose was the most frequent reason why we could not adapt the optimized plan. Contrary to the general belief that the metallic dental implants would augment the radiation dose to oral cavity and nearby structures, our study has shown that the influence of dental implants on the dose to the lateral tongue may vary for each patient (Table 3) Bonner et al., 19, 20 in their prospective randomized trial, compared RT-alone with RT plus cetuximab and reported improvement in locoregional control and survival with no significant increase in toxicity. Short-term QOL between the two arms was also similar. 21 In a retrospective study comparing concurrent cisplatin and RT with cetuximab and RT for LAHNC, concurrent cisplatin achieved better local control and survival but there was no significant difference in late Gr3 or Gr4 effects or feeding tube dependence. 22, 23 However, several other studies reported increased toxicity with concurrent cetuximab compared to RT-alone or RT plus cisplatin. Pryor et al. 24 reported higher rate of mucosal toxicity in LAHNC patients treated with concurrent cetuximab compared to Bonner trial, and Walsh et al. 25 reported significantly higher toxicity including OM in concurrent cetuximab arm compared to concurrent cisplatin arm. A recent randomized phase II trial 26 also has shown different toxicity profiles between concurrent cisplatin arm vs. concurrent cetuximab armhematologic, renal and GI toxicities were more frequent in the cisplatin arm while cutaneous toxicity and need for nutritional support were more frequent in the cetuximab arm -without significant difference in the rate of OM. The results of the large Radiation Therapy Oncology Group 1016 trial with prospective quality of life data collection will hopefully resolve this controversy.
We used OMWQ-HN to assess GH, QOL, and patient reported mouth pain. In a multicenter longitudinal study, Epstein et al. have
shown that OMWQ-HN is a valid and reliable instrument for assessing the impact of mucositis on patients who are receiving radiation therapy ± chemotherapy for HNC. 27 It is noteworthy that although concurrent cetuximab significantly affected the onset and the duration of Gr2 OM, it did not reach statistical significance in patient reported pain in OMWQ-HN, though there was a trend for more mouth pain with concurrent cetuximab from week 3 through 7. This discrepancy reflects the major challenges in defining factors that affect OM and tolerance of patients for OM. Since OM is complex morphologic and functional disorder, variability in assessment methods and inter-observer differences make it difficult to evaluate the exact incidence and severity of OM and this problem remains unsolved. We used CTCAE v4.0 to assess the changes in morphologic component, and OMWQ-HN to assess functional component of OM. Interestingly, the pain score reported by RT-alone group was higher than concurrent cisplatin group and approached close to concurrent cetuximab group (Fig. 3[b] ). This is most likely because majority of RT-alone group had oral cavity cancer, resulting in higher dose to the lateral tongue. RT-alone group also reported higher pain compared to other treatment groups at the beginning of RT, which is presumably caused by previous surgery (Fig. 3[f] ). Therefore, the treatment type and the time point of assessment seem to be the crucial factors to consider when evaluating dose tolerance limits for the oral mucosa. Similar to previous studies, [27] [28] [29] items assessing GH and QOL were poorly correlated OM-related item.
Limitation of this study includes small sample size, short follow up period and lack of additional information that might affect the onset and severity of mucositis, such as comorbidity, social habits 30 and genetic predispositions. 4 
| CONCLUSION S
The results of this study show that optimizing IMRT plan based on measured lateral tongue dose is not feasible since such modification tends to compromise the primary aim of curative treatment. Measured lateral tongue dose was associated with longer duration of mucositis and concurrent cetuximab was associated with both earlier SEOL ET AL.
| 451 onset and longer duration of observed mucositis. The effect of dose on patient reported pain was significantly affected by treatment type and the time-point in the treatment course. The results of current study should be further validated and improved by studies with larger sample size to establish guidelines and dose constraints for these treatments.
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